Evidence from Chilean Plants
Introduction
In his seminal work, Marshall (1920) described three different reasons for why economic activity agglomerates in space. In new jargon, these mechanisms are usually called (1) knowledge spillovers, (2) labor pooling and (3) input-output linkages between vertically related industries. 1 The principal challenge for empirical research is that the different theories often lead to observationally equivalent outcomes, so it is difficult to disentangle the (relative) empirical relevance of each agglomeration force (Rosenthal and Strange, 2004) . After several years of research, it is by now well documented that a high density of economic activity (e.g., in cities) increases productivity. Ciccone and Hall (1996) and Ciccone (2002) have shown this for the US and for Europe, respectively; but this observation is based on aggregate data and cannot discriminate between different theories of agglomeration.
An important step forward in this direction has been made by Henderson (2003) and Cingano and Schivardi (2004) , who use plant-level productivity data to address the nature of agglomeration forces. Both papers argue that localization effects are strongly pervasive. A firm that is located in a region specialized in the firm's sector of activity is found to be significantly more productive than a firm that is located in a region where the respective industry is not overrepresented. Both papers find no evidence for urbanization forces or other cross-industry effects. 2 The dominance of localization effects is consistent with some theories of agglomeration, in particular with intra-industry knowledge spillovers, but it is not easily reconciled with theories that rely on cross-industry effects between different, vertically related, sectors.
We use an extensive data set that covers the universe of Chilean manufacturing plants from 1990 to 1999, and that entails detailed information about the firms' inputs.
3 Furthermore, we use the Chilean input-output matrix to account for vertical relationships between different industries. We first estimate total factor productivity (TFP) at the plant level, and then use this measure as the dependent variable in a panel analysis where we control for the number of plants in different industries and regions, several plant characteristics as well as several types of fixed effects. With these variables we capture important externalities that may be internal to an industry or extend across industries. We address their degree of localization, and we disentangle these effects from plant specific and time-invariant characteristics which also influence productivity at the disaggregate level, but which must be sharply distinguished from Marshallian externalities.
In common with Henderson (2003) and Cingano and Schivardi (2004) , we find significantly positive intra-industry spillover effects, although these effects do not appear to be so strongly localized in Chile. Also in line with these papers, we find no evidence for general cross-industry effects or urbanization forces: Plant-level productivity is not affected by total regional size or by the presence of firms from other industries. 3 This picture changes, however, when we take vertical relations into account. We find that productivity of a firm is higher the more plants from important upstream sectors are located nearby. Interestingly, a similar effect cannot be found from plants in downstream industries. The number of plants in these sectors has no effect on a firm's TFP level, just as the number of plants in other industries that are neither important upstream suppliers nor downstream customers has no effect either.
Our results suggest that intra-industry spillovers are important, but that there are also cross-industry spillovers from upstream sectors. The latter effects are quite sizeable, although they tend to be smaller than intra-industry spillover effects. Spillovers from vertically related industries are apparently not symmetrical, since productivity is positively affected by the presence of upstream but not by downstream firms. We believe that our results can reconcile the findings by Henderson (2003) and Cingano and Schivardi (2004) on the dominance of localization effects and an empirical literature that has emphasized the relevance of cross-industry effects by using a more aggregate approach.
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A starting point in this literature is the paper by Holmes (1999) who reports a positive correlation between the degree of localization of an industry and its "purchased input intensity," i.e., its degree of vertical dis-aggregation. Firms rely more heavily on outsourcing in specialized environments than in isolation, which suggests that inputoutput linkages are an important localization force. But since his work uses cross-section data of local industries, the direction of the causality and the implications of vertical disaggregation for individual firm productivity remain unclear. In a similar vein, Rigby and Essletzbichler (2002) find that average labor productivity is higher in metropolitan areas with a large density of input-output relations, while Rosenthal and Strange (2001) find a higher degree of localization in industries that rely more intensively on manufacturing inputs. Finally, Ellison, Glaeser and Kerr (2007) find stronger co-location among industries that have closer input-output relations.
Common to these contributions is the conclusion that vertical linkages are in fact an important agglomeration force. Our paper corroborates this finding with a panel analysis that relies on disaggregated plant-level productivity data. This increases the confidence in the robustness of this result, since we are able to control for a variety of factors (e.g. plant size) that are hidden in aggregate figures, but which potentially also affect productivity. Furthermore, we emphasize an asymmetry between upstream and downstream spillovers, which -to the best of our knowledge -has not been noted in the literature so far.
The only other study that we are aware of, which also uses disaggregate data to address the relevance of vertical linkages as an agglomeration force, is the recent paper by Amiti and Cameron (2007) . They use detailed wage data of Indonesian plants and also find evidence for input-output linkages. Plants pay significantly higher wages if located in regions with abundant upstream suppliers and in regions with large local demand. A high concentration of firms from the own industry, however, is found to reduce wages.
Our study is complementary to theirs, since we address the impact of similar variables on plant-level TFP rather than on wages. We find evidence for both, spillovers across vertically related industries and positive intra-industry effects. The latter finding is consistent with the previous literature on localization effects, in particular with 5 Henderson (2003) and Cingano and Schivardi (2004) . Furthermore, we point at an asymmetry between the effects from upstream and from downstream industries.
Data and basic patterns
The empirical analysis uses establishment-or plant-level data from the manufacturing sector of Chile for the period 1990 throughout 1999. To measure productivity at the plant level we estimate a Cobb-Douglas production function for each 3-digit industry using the method proposed by Olley and Pakes (1996) and later modified by Levinsohn and Petrin (2003) , which corrects the simultaneity bias associated with the fact that productivity is not observed by the econometrician but it may be observed by the firm. The residuals of these regressions are then used to measure productivity, or total factor productivity (TFP) at the plant level, which we will use below as the dependent variable in the empirical analysis (see appendix for details).
Empirical approach
The dependent variable in our analysis is plant level TFP (in logs), which is denoted by , , , ln( ) i s r t p for firm i, sector s, region r, and time period t. Our main control variables capture intra-industry and cross-industry spillovers effects across plants, where we take into account vertical industry relations and the degree of localization of these effects.
Furthermore, we control for several important plant-specific characteristics as well as for several types of fixed effects. We now discuss the specification of all control variables in turn.
Intra-industry and cross-industry spillover effects
Localized intra-industry spillovers are measured by the number of firms from the same industry s and region r. We denote this variable by , , s r t N . Intra-industry spillovers are not 7 necessarily localized, however. They may be internal to industry s but extend across regional borders. This is especially true in a small country like Chile. To allow for nonlocalized intra-industry spillovers we also include the number of plants from sector s that are located in regions other than r. This variable is denoted by , ,
We do not use (inevitably imperfect) measures for the distance between the Chilean regions, but we adopt a somewhat simpler approach that makes use of the unique geographical structure of the country. Since Chile basically extends only in the NorthSouth direction, almost every region has exactly one neighbor in the North and one in the That is, most industries s are both upstream and downstream to every other industry .
However, we can use the input-output matrix to construct a "ranking" of industrial proximity. For every industry s we can find the k=1,2,3,… most important upstream, and the m=1,2,3,… most important downstream industries with which sector s is most closely linked in the aggregate. To give an example, the metal products sector (ISIC 381) purchases most of its inputs from the iron and steel industry (ISIC 371), followed by the non-ferrous metals sector (ISIC 372 
An underlying assumption of this procedure is that vertical relationships between industries are roughly stable, both across regions and over time, since we apply the same 9 ranking of industrial proximity to plants from all regions and years. We are forced to do this, since regional I-O tables do not exist in Chile, and even the national I-O matrix is not published on an annual basis. Notice, however, that we do not assume that the precise input-output coefficients are the same across all regions and years, but only that the same ranking of closely related upstream and downstream sectors applies. We believe that this assumption is not very restrictive. The basic specifications that we estimate are given by 
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where , , , In the basic equation (1) 
Fixed effects
Finally we include various fixed effects in the regressions, namely region-time dummy 
Results

4.1.
Basic results Table 4 shows our basic results from the benchmark specification, equation (1). In column 1 we control for the number of firms from the same industry but different region, , , s r t N , without distinguishing between neighboring and non-neighboring regions. In column 2 we make this distinction. Common to both specifications is that we only include the number of firms from the same region but different industries, , , s r t N − , without taking into account the degree of vertical industry relations at this point.
[TABLE 4 HERE]
We find clear evidence for the existence of intra-industry productivity spillovers.
The more plants operate in the own local industry, the larger is plant-level TFP on
average. An additional plant in the same industry and region increases productivity of existing plants by 0.0011% on average. Yet, these intra-industry spillovers do not appear to be strongly localized in Chile. We find positive effects of the same magnitude from the number of plants in the own industry but in different regions. When distinguishing between neighboring and non-neighboring regions, we find no notable difference, which suggests that there is no strong distance decay in intra-industry spillover effects. This result is at odds with some previous findings from the literature, in particular with those by Rosenthal and Strange (2003) and Amiti and Cameron (2007) , who find a rather sharp distance decay of spillover effects in the US and in Indonesia, respectively.
A plausible reason for this difference may be that Chile is a much smaller country, where most economic activity takes place in a geographically more limited area.
11 Also the primacy of Santiago, where most sophisticated plants are located, may explain parts of this result. A plant located in a remote region may benefit from intra-industry spillovers from Santiago, rather than from spillovers from other plants located nearby.
The second basic result that follows from table 4 is that we find no evidence for general cross-industry spillovers or urbanization effects. The number of plants from other industries in the same region has no significant impact on TFP. Also total regional output, which is a proxy for the degree of urbanization or regional size, has no effect. These results are consistent with the findings by Henderson (2003) and Cingano and Schivardi (2004) , who also found only intra-but no robust evidence for inter-industry spillover or urbanization effects. We will qualify this finding below, when we distinguish between plants from sectors with which industry s has strong vertical relations.
Finally, we obtain plausible results for the plant-specific covariates. The coefficients for plant age and plant size have the expected sign, although they are not significant. Firms that pay higher wage premium to skilled labor are more productive, which strongly suggests that skill intensive firms have higher productivity. Yet, the most important finding for the plant-specific characteristics in our view, is the clear evidence that exporting firms are more productive. Plants that export are, on average, 5% more 13 productive than non-exporters. 12 This result, which is in line with the vast recent literature in international trade, does not conflict with the impact of intra-industry spillovers. As seen in columns (3) and (4) 
Spillovers from upstream and downstream industries
In table 5 we report the results for the specifications (2) [
TABLE 5 HERE]
Turning to the upper panel A at first, we find that the number of firms in important upstream industries has a positive impact on productivity of plants in sector s as long as 3 k ≤ . That is, we find evidence for cross-industry productivity spillovers from plants that belong to the three most important upstream sectors. By increasing the value of k, i.e., by applying a laxer definition of an important upstream sector, we obtain decreasing coefficients for the productivity spillover. This suggests that an additional plant in the single most important upstream sector of industry s raises plant-level productivity in s stronger than an additional plant in the second-or third-most important supplier industry. Beyond a certain level, when 4 k ≥ , we find no significantly positive cross-industry spillovers anymore.
The finding of positive intra-industry spillovers remains robust. In fact, an additional plant in the own industry (and region) raises firm-level TFP stronger than an additional plant in the most important upstream industry (0.00154 vs. 0.00087). The 14 effect is roughly twice as large. 13 This means that an additional plant in a given region and industry increases productivity of plants in the same region and industry by 0.00154%, and increases productivity of plants in downstream sectors located in the same region by 0.00087%. Also the result remains robust that plants from different industries, which do not belong to the k most important upstream suppliers, have no effect on plantlevel productivity in sector s. The estimated coefficients for the plant-specific covariates are omitted for brevity, but they are virtually unchanged compared to The finding of positive intra-industry spillovers remains again robust.
All in all, table 5 suggests that cross-industry productivity spillovers do not exist in general, but they do exist for firms that belong to the most important upstream suppliers. Intra-industry spillovers also exist, and they tend to be even stronger than the spillovers from upstream industries. There is no evidence for productivity spillovers from downstream industries, not even from the very closely related ones.
Plant size and spillovers
Different plants may be affected differently from agglomeration effects. In particular, small plants may rely stronger on the externalities created by the industrial environment than large plants do. This idea is developed, for example, in Henderson (2003) and in Rosenthal and Strange (2003) . Henderson finds indeed that localization effects lead to stronger productivity gains in small plants. 13 We now also find some evidence for localization of these intra-industry effects, since the effect of an additional plant in the same industry is somewhat stronger when the increase occurs in the same region (0.00154 vs. 0.00118). Cross-regional spillovers in the same industry remain important, however. 14 The coefficient for the number of plants in different industries (except for the m most important downstream sectors) is now positive and significant in some specifications (for m=1 and m=2). This is due to the fact, however, that the most important upstream sectors are included in this figure whereas the number of plants in the most important downstream sectors is separately controlled for.
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We have checked whether a similar result holds for the cross-industry productivity spillovers from vertically related industries that are at the centre of interest in this paper. We re-estimated regressions (2) with individual plant size measured by the number of employees. Table 6 shows the results.
[TABLE 6 HERE]
The results strongly suggest that small plants benefit more from spillovers by upstream firms than large firms. The coefficient on the number of upstream plants , ,
is significantly positive (and decreasing in size when we increase k), but the interaction term is negative and highly significant. Spillovers from other industries that are not important upstream suppliers still play no significant role, even if we include interaction terms. Productivity spillovers from firms in downstream industries continue to be insignificant.
These results can be seen as a robustness check of our main conclusion that there is evidence for intra-industry and for cross-industry productivity spillovers from important upstream sectors. Furthermore, these cross-industry spillover effects are more important for small than for large plants. This result is consistent with Henderson's results, who found that intra-industry localization effects are also stronger for small firms.
Conclusions and discussion
In this paper we have analyzed the impact of intra-and cross-industry productivity spillovers for Chilean plants (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . We find robust evidence for positive intraindustry effects, although the effects are not so strongly localized in Chile. We also find evidence for cross-industry spillovers from important upstream sectors. There is no evidence, however, for productivity spillovers from downstream sectors or from other, unrelated industries.
Our results are informative for the industrial scope of knowledge spillovers.
According to our findings, firms learn from other firms that operate in the same industry and experience individual productivity gains. This finding is consistent with so-called
Marshall-Arrow-Romer (MAR) externalities, and implies that industrial clustering and regional specialization are likely to offer productivity gains to the firms inside the cluster.
At the same time we do not find these effects to be so strongly localized in Chile.
Regional planners do usually not think of clusters simply as the spatial concentration of firms from a single industry, however, but as a spatial concentration of firms from several closely related industries. This policy approach is built on the assumption that cross-industry spillovers exist, but the empirical literature on agglomeration and firm productivity has not found much supportive evidence for such effects so far. In this paper we account for the vertical relationships between different industries. Thereby we distinguish, for the first time, productivity spillovers between closely related industries and spillovers between sectors that are not closely related. We find that cross-industry productivity spillovers do not exist in general. Firms do not learn from other firms in arbitrary industries. We do find, however, that firms learn from other firms that are active in closely related (upstream) industries.
Previous studies that addressed the impact of spillovers on plant-level productivity (Henderson 2003; Cingano and Schivardi 2004) have strongly emphasized the importance of localized intra-industry effects (MAR externalities) only. Our results
are not opposite to theirs, since we also find that intra-industry effects are the most important type of spillover. Yet, we also find some truth in the idea of "crossfertilization", sometimes attributed to the name of Jacobs-externalities. This crossfertilization does not arise between arbitrary industries, however. Knowledge flows from downstream to upstream firms, e.g. about the specific needs of the local customers, do not seem to be so pervasive -at least in Chile. Finally, we find that productivity spillovers are more important for small than for large firms.
Appendix: The Levinsohn and Petrin Technique
Consider the following Cobb-Douglas production function:
where it y is the log of value added, it k is the log of capital, Robust t-statistics in parentheses. **, *, +: significant at 1%, 5%, and 10%. Standard errors were clustered at the industry-region-year level. All regressions include industry-year and region-year dummy variables. The dependent variable is the natural log of TFP for each plant. Employment, and Age are in logs. Robust t-statistics in parentheses. **, *, +: significant at 1%, 5%, and 10%. Standard errors were clustered at the industry-region-year level. All regressions include plant controls, industry-year and region-year dummy variables. The dependent variable is the natural log of TFP of each plant. 
